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Happy Valentine's Day!



Overview	  of	  	  
“M1:	  High-‐throughput	  ligand	  screening”	  



M1	  major	  assignments	  

•  Data	  summary	  (15%)	  
–  in	  teams,	  on	  Stellar	  	  
–  draN	  due	  03/10,	  final	  revision	  due	  03/27	  
–  bullet	  points,	  .PPTX	  

•  Mini-‐presentaTon	  (5%)	  
–  individual,	  video	  via	  Gmail	  
–  due	  03/18	  

•  Lab	  quizzes	  (extra	  credit	  on	  homework	  grade)	  
–  M1D3,	  M1D5,	  and	  M1D7	  

•  Notebook	  (5%	  total)	  
–  one	  day	  will	  be	  collected	  and	  graded	  by	  Rob	  on	  M1D7	  	  

•  Blog:	  h_p://be20109s17.blogspot.com/	  (parTcipaTon:	  5%	  total)	  
–  by	  04/03	  
	  



Office	  hours	  

Noreen	  Lyell	  
•  M	  2-‐5	  
•  in	  16-‐317	  
	  

Leslie	  McClain	  
•  T	  9:30-‐11	  
•  in	  56-‐341c	  
	  

Maxine	  Jonas	  
•  R	  9:30-‐11	  
•  in	  16-‐239	  

by	  appointm
ent:	  nllyell@

,	  lesliem
m
@
,	  jonas_m

@
	  

don't 
hesitate!



•  Reproduce	  in	  silico	  the	  cloning	  of	  	  	  	  	  	  
pRSETb-‐FKBP12	  
–  A	  Plasmid	  Editor	  (APE)	  
–  PCR	  amplificaTon	  of	  Fkbp12	  insert	  
–  digesTon	  of	  pRSETb	  vector	  by	  endonucleases	  
–  ligaTon	  

	  
	  

What	  you	  worked	  on,	  on	  snowy	  M1D1	  

QuesTons?	  

	  
	  



RestricTon	  enzymes	  
•  homodimers	  
•  cut	  at	  palindromic	  
recogniTon	  sites	  

•  recommended:	  5-‐10	  U	  
per	  μg	  of	  DNA	  

Ligase	  
•  forms	  covalent	  
phosphodiester	  bond	  
between	  3’	  OH	  acceptor	  
and	  5’	  phosphate	  donor	  

•  requires	  ATP	  

role of "junk" at the end of flap?



My	  quesTons	  for	  you,	  about	  M1D1:	  
•  Did	  your	  primers	  meet	  all	  ideal	  criteria	  (length,	  GC	  content,	  Tm,	  …)?	  
•  What	  are	  BamHI	  and	  EcoRI?	  
•  What	  was	  the	  size	  of	  your	  PCR	  product?	  
•  How	  about	  aNer	  digesTon	  with	  BamHI	  and	  EcoRI?	  
•  What	  did	  the	  sequence	  of	  your	  reverse	  primer	  look	  like?	  

–  end	  of	  Fkbp12	  gene	  +	  EcoRI	  site	  +	  junk	  
–  junk	  +	  EcoRI	  site	  +	  end	  of	  Fkbp12	  gene	  	  

•  Why	  did	  you	  add	  a	  T?	  
•  For	  your	  confirmaTon	  digest,	  	  

–  Which	  2	  endonucleases	  did	  you	  pick?	  
–  Which	  NEB	  buffer	  do	  they	  work	  best	  in?	  
–  What	  size	  fragments	  did	  you	  anTcipate?	  

	  
	  

~ 341 bp

331 bp

5' 3'

puts the gene in frame with the ATG start codon of pRSETb

A

AvaI + BlpI : cut at 317 & 587
EamII05I + SmaI : 1380 & 1800 



For	  ligaTon,	  mix	  1:4	  molar	  backbone	  :	  insert	  

•  Assuming	  
–  10	  μL	  of	  ladder	  loaded,	  
–  5	  μL	  of	  BamHI-‐EcoRI	  

double	  digest	  loaded,	  
•  amount	  of	  backbone	  =	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

	   	   	  ng	  
•  amount	  of	  insert	  =	  	  

	   	   	  ng	  
	  
Ø  but	  mass	  of	  DNA	  ≠	  molar	  

amount	  of	  DNA	  

backbone	   ladder	   insert	  
per	  10	  μL	  

That's where the vector band should be.

100

400



Calculate	  the	  1:4	  molar	  amounts	  for	  ligaTon	  
1.	   	  From	  recovery	  gel,	  esTmate	  	  

–  backbone:	  	  	  	  	  100	  ng	  /	  5	  μL	  =	  20	  ng/μL	  
–  insert:	  	  	  	  	  	  	  	  	  	  	  	  	  200	  ng	  /	  5	  μL	  =	  40	  ng/μL	  
	  

2.	   	  Determine	  volume	  of	  backbone	  needed	  
–  50-‐100	  ng,	  choose	  60	  ng,	  i.e.	  3	  μL	  
	  

3.  Calculate	  moles	  of	  backbone	  
–  2853	  	  bp	  *	  (	  660	  g	  /	  (mol*bp)	  )	  =	  1.88	  x	  106	  g/mol	  	  
–  so	  60	  ng	  /	  (1.88	  x	  106	  g/mol)	  =	  3.19	  x	  10-‐14	  mol	  

	  

4.  Determine	  moles	  of	  insert	  needed	  (4X	  bkbn)	  
–  4	  x	  3.27	  x	  10-‐14	  	  ~	  1.27	  x	  10-‐13	  mol	  
–  with	  341	  bp	  *	  (	  660	  g	  /	  (mol*bp)	  )	  =	  2.25	  x	  105	  g/mol	  	  
–  so	  use	  1.27	  x	  10-‐13	  mol	  *	  2.25	  x	  105	  g/mol	  ~	  28.6	  ng	  

	  

5.  Calculate	  volume	  of	  insert	  needed	  
–  28.6	  ng	  /	  (	  40	  ng/μL	  )	  ~	  0.7	  μL	  

backbone	   ladder	   insert	  



subculture	  
1:8	  
	  

in	  LB	  
+Amp	  +Cam	  

•  Induce	  expression	  of	  FKBP12	  protein	  
–  in	  BL21(DE3)pLysS	  E.	  coli	  cells	  
–  using	  IPTG	  
	  
	  

What	  happened	  behind	  the	  scene	  on	  M1D1	  

add	  	  
1	  mM	  IPTG	  

	  
when	  OD600	  
reaches	  0.5	  

OD600	  =	  1.7	  
50	  mL	  flask:	  
starTng	  OD600	  =	  0.2	  

pellet	  
	  

aNer	  
17	  h	  

-‐	  80	  °C	  



E.	  coli	  produces	  proteins	  in	  growth	  phase	  

•  exponenTal	  phase	  
-  binary	  fission	  
-  OD600	  ~	  0.4	  -‐	  0.8	  
-  machinery	  ready	  

	  
•  OD	  ≠	  absorbance	  

-  opTcal	  density	  
-  	  	  
-  	  	  
-  	  	  

optical density

turbidity, scattering of 600 nm
cells are yellow, 
they don't absorb 600 nm
UV would damage cells



Let’s	  take	  a	  closer	  look	  at	  the	  pRSETb	  vector	  
•  PT7	  
•  RBS	  

•  ATG	  
•  6xHis	  
•  Xpress	  epitope	  

•  EK	  (enterokinase)	  

•  MCS	  

•  Stop	  

His tag

promoter

ribosomal binding site
recruits ribosome to mRNA, 
to initiate translation

start codon

antibody recognition possible

cleavage site

multiple cloning site
with many endonuclease 
recognition sites



BL21(DE3)pLysS	  competent	  cells	  
•  BL21:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  bacterial	  strain	  
•  can	  express	  FKBP12	  protein	  	  

–  inducTon	  by	  lactose	  or	  analog:	  	  
	  	  	  	  	  isopropyl	  β-‐D-‐thiogalactoside	  (ITPG)	  
–  under	  ______	  promoter	  control	  in	  

pRSETb	  vector	  

•  DE3:	  bacteriophage	  (	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  )	  
–  used	  to	  integrate	  the	  lac/T7RNAP	  

construct	  into	  E.	  coli	  

•  pLysS:	  protein	  that	  produces	  	  
–  lysosyme,	  which	  binds	  to	  T7RNAP,	  

reducing	  basal	  “leaky”	  expression	  
–  retained	  by	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

(Cam)	  selecTon	  

E. coli

T7

virus

chloramphenicol



Let’s	  piece	  together	  this	  “protein	  inducTon”	  story	  	  

①  in	  the	  pRSET	  plasmid	  
–  	  	  	  	  	  	  	  	  	  	  promoter	  is	  consTtuTvely	  on	  
–  	  	  	  	  	  	  	  	  	  	  promoter	  is	  turned	  on	  in	  the	  

presence	  of	  T7	  RNA	  polymerase	  
	  

② in	  BL21(DE3)pLysS	  
–  T7RNAP	  gene	  engineered	  in	  DE3	  cells	  

under	  a	  modified	  lac	  operon	  control	  
–  lacI	  encodes	  a	  ____________	  that	  

binds	  to	  ____________	  ,	  thereby	  
turning	  it	  off	  

–  in	  addiTon,	  T7	  lysosyme	  inacTvates	  
T7	  promoter	  

bla	  

T7	  

pRSET-‐FKBP12	  
	  

la
cI
	  

control	  

T7
RN

AP
	  

la
cZ
	  

pr
om

ot
er
	  

op
er
at
or
	  

genes of the lac operon

bla
T7

repressor
control area



Let’s	  piece	  together	  this	  “protein	  inducTon”	  story	  	  

①  in	  the	  pRSET	  plasmid,	  T7	  promoter	  on	  only	  if	  T7RNAP	  present	  
②  	  in	  BL21(DE3)pLysS,	  lacI	  =>	  repressor	  binds	  control	  area	  =>	  T7RNAP	  turned	  off	  
	  

③ if	  lactose	  is	  present	  
–  lactose	  binds	  to	  repressor	  and	  makes	  it	  ___________	  ,	  thus	  turning	  ___	  

expression	  of	  T7RNAP	  
–  with	  T7RNAP	  present,	  the	  T7	  promoter	  is	  ______,	  and	  FKBP12	  expressed	  

lacI	   promoter	   operator	   T7RNAP	   lacZ	  

lactose	  

repressor	  
T7	  RNA	  

polymerase	  

T7	  

pRSET-‐FKBP12	  

inactive on

on



•  isopropyl	  β-‐D-‐1-‐thiogalactoside	  
•  structural	  mimic	  of	  lactose	  
•  unlike	  lactose,	  IPTG	  is	  not	  cleaved	  

by	  β-‐galactosidase	  and	  so	  will	  not	  
used	  by	  the	  cell	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
è	  [IPTG]	  constant	  

IPTG	  is	  a	  lactose	  analogue	  

lacI	   promoter	   operator	   T7RNAP	   lacZ	  

IPTG	  

repressor	  
T7	  RNA	  

polymerase	  

T7	  

pRSET-‐FKBP12	  

IPTG	  	  	  	  	  
	  

lactose	  

FKBP12	  



BL21(DE3)pLysS	  



equilibrate	  Ni2+	  
	  
beads	  with	  buffer	  

Protein	  purificaTon:	  protocol	  overview	  
lyse	  (and	  extract	  supernatant)	  

-  protease	  inhibitor:	  
-  DNAase	  (deoxyribonuclease):	  
-  Tris	  buffer:	  	  
-  salts:	  
-  lysozyme:	  
-  DTT	  (dithiothreitol):	  	  	  
-  glycerol:	  	  

add	  protein	  
	  

mixture	  

wash	  away	  	  
	  

non-‐His	  proteins	  

elute	  
	  

His-‐tag	  protein	  

dialysis	  affinity	  purificaTon	  
SMM	  

screening	  

Ni2+ binds to His

AEBSF, helps keep proteins intact
chews up DNA

pH ~ 7
maintains osmotic pressure (ionic strength)

damages E. coli cell wall
reducing agent, reduces oxidative damage

stabilizer



equilibrate	  Ni2+	  
	  
beads	  with	  buffer	  

Protein	  purificaTon:	  a	  few	  notes	  

lyse	  

wash	   elute	  
	  

by	  compeTTon:	  
imidazole	  vs.	  His	  

	   dialysis	  

SMM	  
ligand	  	  

screening	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  binds	  to	  metals	  

hisTdine	  
	  
imidazole	  

set aside for 
SDS-PAGE

His-tag imidazole can interfere
with FKBP12-small 
molecule binding, 
so wash away imidazole



Dialysis:	  separaTon	  based	  on	  size	  rejecTon	  
•  semipermeable	  membrane	  of	  crosslinked	  polymers	  
•  molecular	  weight	  cut-‐off	  (MWCO):	  solute	  size	  retained	  >	  90%	  
•  2000	  Da	  

–  FKBP12-‐6His	  ~	  15	  kDa	   	   	  	  	  	  	  	  	  	  	  	  	  -‐-‐	  	  imidazole	  ~	  	  68	  Da	  	  

PBS	  

FKBP12	  
	  
imidazole	  



Looking	  ahead	  

•  In	  the	  lab	  today	  
– Purify	  FKBP12	  
– OrientaTon	  quiz	  (during	  down	  Tme)	  

•  Homework	  due	  Thursday,	  M1D3	  
– SchemaTc	  of	  M1	  (+	  Ttle	  +	  capTon)	  
– Before	  M1D4,	  visit	  Comm	  Lab	  

– Quiz	  on	  M1D3	  

of protein purification


